Hypertension is an important risk factor for cardiovascular disease, the leading cause of mortality in the world. Although previous studies have focused on individual-level behavioral risk factors associated with hypertension, there has been little research on how interacting with others, that is social participation, affects hypertension. To address this research gap, this study examined the association between social participation and hypertension in Japan, a country with a high prevalence of hypertension possibly linked to rapid population aging. Data were used from 4582 participants aged more than 65 years who participated in the Japan Gerontological Evaluation Survey (JAGES) with blood pressure data collected during a health check-up. The frequency of participation in vertical organizations (characterized by hierarchical relationships) and horizontal organizations (characterized by non-hierarchical, egalitarian relationships) was measured by a questionnaire. In a Poisson regression analysis, participation in vertical organizations was not associated with hypertension, whereas participation in horizontal organizations at least once a month was inversely associated with hypertension (prevalence ratio: 0.941). This association remained significant after adjusting for social support variables, although further adjustment for health behaviors attenuated the association. As the frequency of going out and average time spent walking were both associated with hypertension, physical activity may be a possible pathway that connects social participation and hypertension. The results of this study suggest that expanding social participation programs, especially those involving horizontal organizations, may be one way to promote better health among older people in Japan.
INTRODUCTION
Cardiovascular diseases are the leading cause of mortality in the world. 1 As both high systolic and diastolic blood pressure are associated with cardiovascular disease, hypertension has been identified as one of the most important risk factors for cardiovascular disease. 2, 3 Hypertension already affects one billion people worldwide 4 and it is estimated that this will increase further to 1.56 billion by 2025. 5 Previous studies that have examined the factors associated with hypertension have focused on health-related behavioral factors such as unhealthy diet, harmful use of alcohol and physical inactivity. 4 However, there has been comparatively little focus on how individuals' interaction with their surrounding environment might affect hypertension. For example, little is known about the effects of social participation (that is, participation in community organizations).
The concept of social participation, which refers to involvement in the activities of formal and informal societal groups, 6 has become one of the areas of focus in the attempt to create age-friendly cities. 7 It has been linked to improved health via two potential pathways: health behavior and psychological stress. 8 In terms of the former, social participation is believed to affect health behaviors, as individuals receive behavioral guidance through interaction with their network members, 9, 10 while groups' social control mechanisms can both encourage and discourage good (for example, exercise, diet) and bad (for example, smoking) health behaviors, respectively. 11 Moreover, research suggests that in some organizations, physical activity levels and, possibly, alcohol consumption can also be elevated as a result of participating in social activities. 12, 13 For the latter, it has been suggested that social participation may enhance people's ability to cope with stressors by increasing the sense of companionship and belonging they feel. 10, 14 A number of studies have shown that social participation is associated with both a lower mortality risk [15] [16] [17] [18] [19] and measures of well-being such as better self-rated health, [20] [21] [22] although not all studies have found an association with health. 23, 24 Until now, few studies have examined the association between social participation and hypertension, while those studies which have been undertaken have produced conflicting findings. Kamiya et al. 25 used data from the English Longitudinal Study of Ageing (ELSA) and found that participating in a greater number of organizations (summed from 0 to 7) was associated with lower odds for hypertension. Shankar et al. 26 also used data from the same cohort to show that greater social isolation, as measured by a cumulative score of social participation, marital status and contact with family and friends, was associated with a significant increase in systolic blood pressure and diastolic blood pressure. In contrast, a study using US nationally representative data found that social participation (that is, attending church, meetings and belonging to clubs) was not associated with differences in blood pressure. 27 To the best of our knowledge, no previous study has focused on the association between social participation and hypertension in a nonWestern setting. This may be an important research gap especially as some evidence suggests that the determinants and distribution of cardiovascular disease may differ in non-Western countries owing to differences in the social environment, lifestyle or genetic factors. 28 There is also a need to determine whether different forms of individual activity might be reflected in different health effects in this context. Specifically, when focusing on the structure of relationships, earlier research in Japan has indicated that participating in 'horizontal' organizations (characterized by non-hierarchical, egalitarian relationships) may have a more beneficial effect on health, compared with participating in 'vertical' organizations (characterized by hierarchical relationships). 8 In the current study, we used data from the Japan Gerontological Evaluation Survey (JAGES) to investigate the association between social participation and hypertension among individuals aged 65 years or older, while paying particular attention to two different types of social participation (that is, participation in vertical and horizontal organizations). Determining the exact effects of these different forms of social participation on health may be important for future attempts to enhance the well-being of older people in Japan, especially as the Japanese government has promoted social participation programs among older people as a key element in creating a healthy aging society. 29 
METHODS Data
The JAGES project is an ongoing prospective epidemiological study examining the social determinants of health among older people in Japan (focusing on those who are not certified as needing long-term care services). As a part of the JAGES project, the current study used both questionnaire data collected in one of the JAGES survey waves (2010) and medical data that were obtained during a municipality-managed health examination, the Tokutei kenkou shinsa (Kenshin), in 2010. The data were provided by local municipalities and were linked with postal questionnaire data collected in August 2010 from individuals in six municipalities in Chita peninsula, Aichi. From the 20 432 people who participated in the JAGES study in Aichi prefecture, health examination data were linked for 9893 (48.4%) and information on blood pressure was provided by four municipalities (n = 6597). After excluding those who lacked information on social participation (n = 1974) or whose body mass index was less than 15 or more than 40 (n = 41), a total of 4582 participants were included in the subsequent analyses.
Dependent variable
Blood pressure was measured at community health centers or registered hospitals by trained nurses. Participants were recommended to rest for more than 5 min prior to the first measurement, which was taken in a sitting position. This was then followed by a second measurement after a 1-min rest and the average value from the two measurements was recorded as instructed by the Ministry of Health, Labour and Welfare, Japan. 30 Using the Japanese Society of Hypertension guidelines, participants were categorized as hypertensive (i) when their systolic blood pressure was equal to or higher than 140 mm Hg or (ii) diastolic blood pressure was equal to or higher than 90 mm Hg, or (iii) if they responded positively to questions on current use of antihypertensive medication in the postal questionnaire or at the health check-up. 31 
Independent variables
Social participation was assessed in the JAGES questionnaire by asking the respondents about how frequently they participated in the following eight types of organization, that is, (i) political groups, (ii) industry group/trade associations, (iii) volunteer groups, (iv) religious groups, (v) sports groups, (vi) neighborhood associations, (vii) senior citizens' clubs and (viii) hobby groups. Following the lead of an earlier study, those who participated in any of these organizations once a month or more often were categorized as having a higher level of social participation. 32 Further focusing on the different nature of these eight organizations, we then divided them into two organizational forms (that is, vertical organizations and horizontal organizations). This was based on the findings of a previous study which used principal components analysis on data from the same cohort collected in 2003 to categorize these organizational forms. 8 Vertical organizations included political, industry/trade and religious groups, neighborhood associations and senior citizen's clubs; horizontal organizations included volunteer, sports and hobby groups.
Covariates
Demographic and socioeconomic covariates included age in years, sex and body mass index (kg m −2 ), which was divided into four categories (underweight: o18.5; normal weight: 18.5-24.9; overweight: 25-29.9; obese: ⩾ 30), years of education (o10 years; 10-12 years; 412 years), marital status (currently married or not), and equivalent annual income (otwo million yen; two to four million yen; 4four million yen). Height and weight were measured during the health check-up.
Social support to/from neighbors or friends was also included as a covariate in the analysis; we inquired whether either emotional or instrumental social support was provided or received by asking the following questions; 'Do you have someone who listens to your concerns and complaints?', 'Do you listen to someone's concerns and complaints?', 'Do you have someone who looks after you when you are sick and confined to bed for a few days?' and 'Do you look after someone when he/she is sick and confined to bed for a few days?'. If participants either provided and/or received social support from neighbors or friends, they were scored '1', whereas those who did not provide/receive support were scored '0'.
To examine the effects of health behaviors, information was obtained on the frequency of alcohol consumption (never, rarely, one to three days a week, four to six days a week, every day) and smoking status (0: do not smoke; 1: currently smoke; 2: have stopped smoking). For physical activity, two measures were used. The frequency of going outside was divided into three categories: almost every day; one to three times a week; and once or twice a month or less often. The average time spent walking each day was also classified in three categories:o30 min; 30-59 min; and ⩾ 60 min.
Respondents' mental health was assessed using the 15-item Geriatric Depression Scale (GDS). 33 This instrument categorizes respondents into three groups, that is, no depression (0-4), mild depression (5-9) and depression (10) (11) (12) (13) (14) (15) . Sense of coherence (SOC), which has been shown to influence the ability to cope with stressful life experiences, 34 and has previously been found to be associated with blood pressure, 35 was measured using six questions in this Social participation and hypertension in Japan A Yazawa et al study (two questions from each of the three sub-domains used in Antonovsky's Sense of Coherence Scale). 36 The questions selected were: 'Do you feel you are treated unfairly?', 'Does what you do every day give you pleasure and satisfaction?', 'Do you feel confused with your feeling or thinking?', 'Do you experience undesired emotions?', 'Do you feel what you do every day has little meaning to you?' and 'Do you lose confidence in your ability to keep self-control?'(Cronbach's alpha= 0.83). The answers were summed to create a score that could range from 6 to 30, which was then categorized into tertiles: low SOC (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , middle SOC (21-23) and high SOC (24) (25) (26) (27) (28) (29) (30) .
Statistical analysis
A Poisson regression analysis with a robust variance estimator 37 was conducted to investigate the association between social participation and hypertension. In Model 1, the effects of participation in vertical and horizontal organizations on hypertension were investigated simultaneously after adjusting for age, sex, body mass index, years of education, marital status and equivalent annual income. These covariates were included in all of the subsequent models. Model 2 additionally included the provision and receiving of emotional and/or instrumental social support to/from neighbors or friends. Model 3 further adjusted for alcohol consumption and smoking status, while Model 4 included the frequency of going outside and average time spent walking each day; Model 5 included the GDS score and SOC score. The final model included all of the health behavior and mental health variables simultaneously (Model 6). If participants were missing information for any of the covariates, they were assigned to a 'missing' category and included in the analysis. All statistical analyses were conducted using Stata version 13.1 (StataCorp, College Station, TX, USA). Results are presented as prevalence ratios (PR) with 95% confidence intervals. The level of statistical significance was set at Po0.05 (two-tailed).
Ethics approval
The Table 1 shows the characteristics of the study participants. Among the 4582 participants, 50.2% were male. The mean age was 71.7 years, and participants had a mean body mass index of 23.1. Nearly 60% were categorized as having hypertension. In terms of social participation, 23.9% of the respondents had participated in vertical organizations while the corresponding figure for horizontal organizations was 47.6%. Table 2 shows the results of the Poisson regression analysis investigating the association between social participation and hypertension. In Model 1, although participation in vertical organizations was not associated with hypertension (P = 0.40), participation in horizontal organizations was inversely associated with hypertension (PR = 0.941, P = 0.021), with the association remaining significant after adjusting for social support (PR = 0.946, P = 0.037). No form of social support was associated with hypertension (Model 2).
RESULTS

Characteristics of the participants
Social participation and hypertension
In Model 3, the inclusion of alcohol consumption and smoking status did not negate the significant association between participation in horizontal organizations and hypertension (P = 0.030), while alcohol consumption was also linked to hypertension; compared with people who never drank alcohol, those who consumed it every day and 4-6 days a week had a higher prevalence of hypertension (PR = 1.125 and 1.163, respectively). In Model 4, the inclusion of frequency of going outside and the average time spent walking each day attenuated the significant association between participating in horizontal organizations and hypertension (P = 0.068), while the frequency of going outside and the average time spent walking each day were both inversely associated with hypertension; participants who walked 60 min or more a day had a PR of 0.920 for having hypertension compared with those who walked less than 30 min (P = 0.007). Although only of borderline significance, participants who went outside one to three times a week had a PR of 0.911 (P = 0.064), compared with those who went outside less than once a month. In Model 5, the inclusion of the GDS and SOC scores did not change the significant association between participation in horizontal organizations and hypertension (P = 0.040), while neither the GDS nor the SOC score was associated with hypertension. In the fully adjusted Model 6, the effect of walking on hypertension was significant (PR = 0.918, P = 0.006), whereas the association between participation in horizontal organizations and hypertension became non-significant (P = 0.057).
DISCUSSION
Summary of findings
This study examined the association between social participation, that is, participation in vertical and horizontal organizations and hypertension among older Japanese individuals. A Poisson regression analysis revealed that participation in horizontal organizations as measured by participation in volunteer, sports or hobby groups once a month or more often was inversely associated with hypertension. This association remained statistically significant after adjusting for emotional and instrumental social support and mental health indices, although the inclusion of certain health behavior variables in the analysis (that is, the frequency of going outside and the average time spent walking each day), attenuated the significant association. The result suggests that participation in horizontal organizations may help protect older people from hypertension and that physical activity seems to be important in this context.
Possible mechanisms linking social participation and hypertension
As mentioned in the introduction, two primary pathways have been suggested as possible links between social participation and hypertension-health behavior and psychological stress. First, social participation may affect health behaviors, as individuals can receive behavioral guidance through interacting with network members, 10, 14 as well as engage in behaviors that promote health. Previous studies have shown, for example, that individuals with smaller social networks (for example, those living alone or with fewer transportation services available in the community) report less healthy diets 38 and participate in less physical activity. 39 In this study, the frequency of going outside and the average time spent walking each day, both of which might be linked to participation in organizational activities, 12 were associated with a lower prevalence of hypertension (Model 4 in Table 2 ). In addition, it is possible that belonging to organizational groups might also extend engagement in health behavior beyond more obvious forms of outdoor exercise such as walking, for example, by increasing the frequency of shopping or simply meeting with friends. 12 As the inclusion of the time spent walking and frequency of going outside variables in the analysis attenuated the significant association between horizontal organizations and hypertension and they were themselves associated with hypertension, this might indicate that participating in community organizations facilitates increased physical activity and that, in turn, this is protective against hypertension (for example, through weight loss 40 ). We found that alcohol consumption did not significantly affect the association between social participation and hypertension. As alcohol consumption was positively associated with hypertension, but was also positively associated with participation in horizontal organizations (data not shown, odds ratio = 1.354 for people who consume alcohol once a week or more vs. rarely or never, Po0.001), future research is needed to determine the interplay of these factors more precisely and the implications for health and well-being.
Susceptibility and reactivity to stress is a second mechanism that may link social participation and hypertension. More specifically, social participation can increase the sense of companionship and belonging among individuals, which has been associated with an enhanced ability to cope with stressors. 10, 14 Furthermore, social participation might also lower psychological stress as a result of increased social support obtained from people within a group. 41, 42 In other words, social participation may increase self-esteem or perceived social support and this can act as a buffer against psychological stressors. 43, 44 Given that blood pressure is elevated in the presence of psychological stress through dysfunction of the autonomic and Social participation and hypertension in Japan A Yazawa et al Table 2 The association between social participation and hypertension among older persons in Japan (N = 4582) Values are prevalence ratios and 95% confidence intervals.
All of the models included age, sex, body mass index, years of education, marital status and equivalent annual income. Dummy variables were used to create missing categories for covariates with missing values (that is, for social support, alcohol consumption, smoking status, frequency of going outside, average time spent walking each day, GDS score, SOC score, equivalent annual income, years of education and marital status).
immune system, 45 the stress buffering effect of social participation might protect the participants from developing hypertension. However, in this study, the GDS and SOC scores, which have been used in previous studies as proxies of psychological stress, 46, 47 were not associated with hypertension, and also did not attenuate the association between participation in horizontal organizations and hypertension (Model 5 in Table 2 ). Moreover, emotional and instrumental social support was also not associated with hypertension and had no effect on the association between participation in horizontal organizations and hypertension (Model 2 in Table 2 ). Although the GDS and SOC scores were not direct measures of psychological stress, these results suggest that the second pathway linking social participation and hypertension may be less important among older Japanese individuals.
Different effects on hypertension: horizontal and vertical organizations
The finding that participation in horizontal organizations is protective against hypertension accords with the results from previous research. For example, an earlier study which used data from the same cohort as in this study found that among the eight types of organization, participation in volunteer, sports or hobby groups was associated with a lower risk for all-cause mortality. 48 The same authors have also shown that participation in horizontal, but not vertical organizations (defined in the same way as in this study), was protective against oral health problems. 8 Kanamori et al. 42 have further shown that among these eight types of organization, belonging to hobby and sports groups was protective against functional disability. It has been suggested that horizontal networks may improve the efficacy of society by facilitating coordinated action, 49 while an earlier study in Japan has highlighted how such organizations enable the diffusion of healthrelated information and facilitate behaviors that promote health. 8 When analyzed separately, the PRs for participating in the various horizontal organizations included in this study were 0.939 (P = 0.073) for volunteer groups, 0.983 (P = 0.50) for sports groups and 0.929 (P = 0.001) for hobby groups, respectively (data not shown in tables). Previous studies have found that volunteering is associated with health status/outcomes such as depressive symptoms, 50,51 self-rated health, 52 C-reactive protein concentration 53 and also hypertension. 54 Role theory has often been used to explain the health benefits of activities such as volunteering or attending meetings as they provide individuals with an opportunity to hold a meaningful social role which enables them to remain active in later life. 53, 55 As for hobby groups, Zawadzki et al. 56 have shown that absorption in self-selected activities (that is, one's own hobbies including exercise, reading, watching TV, and so on) was related to lowered ambulatory blood pressure during an intervention study as these activities can distract people from their negative thoughts.
Participation in vertical organizations was not associated with hypertension in this study. This is in line with the results of an earlier study by Aida et al. 8 that used JAGES data where it was shown that in contrast to horizontal organizations, participation in vertical organizations was not associated with dental status. An explanation for the difference between these two forms of social participation might be found in the field of social capital research as social capital (that is, 'the institutions, relationships and norms that shape the quality and frequency of social interactions' 57 ) is often categorized as being either vertical or horizontal in form. Putnam 58 has highlighted that vertical associations may sometimes function against the formation of structural social capital, while horizontal association is essential in the formation of trust and collective action. Thus, although vertical organizations may have the potential to provide access to much bigger networks, 59 it could be hypothesized that for older people who have already retired from their jobs (that is, from the strongest type of hierarchical structure across the life course) and who are living in close community-based social networks, participation in horizontal organizations may have a larger impact on individual health.
Perspectives and policy implications
Although there have been many previous attempts to control and treat hypertension in Japan, until now, most of the effort has been directed to modifying individual dietary behavior or smoking habits. The results of the current study indicate, however, that this approach alone might be insufficient in terms of reducing the prevalence of hypertension as social participation (especially participation in horizontal organizations) seems to be associated with a lower prevalence of hypertension among older people in Japan. Given the rapid aging of the population that is currently occurring and creating new challenges for maintaining health and well-being in this setting, the results from this study should serve as a scientific base for the possible expansion of social participation programs across the country to help improve the health of older people in Japan.
Limitations
There are several limitations to this study. First, although horizontal and vertical organizations were categorized in accordance with the classification used in a previous study, 8 it is possible that the groups might have had both horizontal and vertical aspects. Further research is needed to establish standard measures that can be used to evaluate participation in vertical and horizontal organizations. Second, the survey response rate was 66.3%. Given this, it is possible that the results may have been affected by selection bias; for example, as this was a postal survey, those who were physically incapacitated/ill might have been less likely to participate. Moreover, information on blood pressure was obtained through a municipality-managed health check-up where only approximately 38% of the older people in Japan participated in 2010. 60 Third, detailed information on how blood pressure was measured in each location was not available, although the Ministry of Health, Labour and Welfare have issued guidelines for medical practitioners so that blood pressure can be measured in a standardized manner. Fourth, this study was cross-sectional, which meant causal relationships between the variables could not be established. For example, it is possible that healthy people (that is, those without hypertension) were more likely to participate in different groups (that is, there was reverse causality).
(KAKENHI) (22330172, 22390400, 23243070, 23590786, 23790710, 24390469, 24530698, 24683018, 25253052, 25870573, 25870881, 15KT0007) from the Japan Society for the Promotion of Science; and a grant from National Center for Geriatrics and Gerontology, Japan J09KF00804) .
